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^ (57) Abstract: A nanolaycred coaled culling tool (20) lhal includes a substralc (30) that has a surface (38, 40) with a coaling (32) 
on the surface thereof. The coating comprises a plurality of coating sets of alternating nanolayers of metal aluminum nitride and 
metal nitride and/or metal aluminum carbonitride wherein each coating set has a thickness up to about 100 nanometers. The coating 

Q includes a bonding region (34) and an outer region (36). The bonding region (34) comprises a plurality of the coating sets wherein 

^ the thickness of each coating set increases as the set moves away from the surface of the substrate. The outer region (36) comprises 

^ a plurality of the coating sets wherein the thickness of each coating set is about equal. 
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NANOLAYERED COATED CUTTING TOOL 
AND METHOD FOR MARINO THE SAME 

FIELD OF THE INVENTION 

The invention pertains to a multi-layered 
5 coated cutting tool and a method for making the same. 
More particularly, the invention pertains to a 
nanolayered coated cutting tool and a method for making 
the same. In this regard, a nanolayered coated cutting 
tool has a coating scheme that comprises adjacent 
10 coating nanolayers having thicknesses of about 100 
nanometers or less. 

BACKGROUND OF THE INVENTION 

Multi-layered coated cutting tools 
demonstrate excellent metalcutting properties in 

15 certain circumstances. Typically, a multi-layered 
coated cutting tool cornprises a substrate with a 
plurality of coating layers deposited thereon. In some 
cases the coating layers comprise a plurality of sets 
of alternating coating layers. In this regard, U.S. 

20 Patent No. 6,103,357 to Selinder et al. for a 

MULTILAYERED COATED CUTTING TOOL shows a multi-layered 
non- repetitive coating scheme in which the layers have 
a thickness that ranges between 0.1 to 30 nanometers. 
PCT Patent Application W098/44163 to Sjfistrand et al. 

25 for a MULTILAYERED COATED CUTTING TOOL shows a multi- 
layered repetitive coating scheme in which each repeat 
period has a thickness that ranges between 3 and 100 
nanometers . 

Other exenplary coating schemes comprise 
30 multi-layered titanium nitride/titanium aluminum 

nitride coatings deposited by physical vapor deposition 
(PVD) techniques. Such coating schemes are described 
in Hsieh et al., ''Deposition and Characterization of 
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TiAlN and multi-layered TiN/TiAlN coatings using 
unbalanced magnetron sputtering". Surface and Coatings 
Technology 108-109 (1998) pages 132-137 and Andersen 
et al., ^'Deposition, microstructure and mechanical and 
5 tribological properties of magnetron sputtered 

TiN/TiAlN multilayers". Surface and Coatings Technology 
123 (2000) pages 219-226. 

Even though multi- layered titanium 
nitride/titanium aluminum nitride coating schemes 

10 exist, for a coating to be effective it must possess a 
certain minimum adhesion to the substrate and it must 
exhibit a certain minimum hardness. It has always 
been, and still remains, a goal to improve the adhesion 
of the coating to the substrate of the coated cutting 

15 tool.. In addition, it has always been, and still 

remains, a goal to optimize the hardness of the coated 
cutting tool. It has always been, and still remains, a 
goal to inprove and optimize the combination of the 
properties of adhesion and hardness for a coated 

20 cutting tool. 

It would thus be desirable to provide a 
coated cutting tool (e.g., a nanolayered coated cutting 
tool) , as well as a method for making the coated 
cutting tool, wherein the cutting tool possesses 

25 improved adhesion and optimized hardness, as well as an 
improvement in the combination of the adhesion and 
hardness. 

It would also be desirable to provide a metal 
nitride/metal aluminum nitride coated cutting tool 

30 (e.g., a nanolayered titanium nitride/titanium aluminum 
nitride coated cutting tool) , as well as a method for 
making the coated cutting tool, wherein the cutting 
tool possesses improved adhesion and optimized 
hardness, as well as an improvement in the combination 

35 of the adhesion and hardness. 
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It would also be desirable to provide a metal 
alumxnum nitride/metal aluminun. carbonitride coated 

nUrlT/rr' ' "^^^^^^-^^ aluminum 

nxtr de/txtanxu. aluminum carbonitride coated cutting 
tool), as well as a method for making the coated 
cutting tool, wherein the cutting tool possesses 
unproved adhesion and optimized hardness, as well as an 
improvement in the con^ination of the adhesion and 
hardness . 

' It would also be desirable to provide a metal 

nrtride/^tal alurtnu., „ltrlde/™etal alul„« 
carbonitride coated cutting tool (e.g., a nanolayered 
titanium nitride/titanium aluminum nitride/metal 

a r'""'"' ^""^ " " 

^method £or making the coated cutting tool,' wheriin 

the cutting tool possesaea "improved, adhesion «kJ 

■ "^'"^"■' Oardness. as „ell,s an imprt.v,mint 'in th. ' 
■combination of the adhesion and hardness. ■ 
SUMMARY OP THE IiiVRHTTr»i 

In one form, the invention is a nanolayered 
coated member that comprises a substrate that has a 

The coating comprises a plurality o£ coating sets of 
nanolayers wherein a set comprises alternating 
nanolayers of a nanolayer of a metal nitride (wherein 

=iUcon) and a nanolayer of a metal aluminum nitride 
<where.n the metal aluminum nitride may optionally 
include carbon and/or silicon, . The coating includes a 
bonding region and an outer region. The bonding region 
co^^rises a plurality of the coating sets whereL the 
thickness of a coating set generally increases as one 
■"oves away from the surface of the substrate The 
cuter region co^rises a plurality of the coating sets 
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The metal may comprise titanium, niobium, hafnium, 
vanadium, tantalum, zirconium and/or chromium alone or 
in combination with each other or in combination with 
other metals including aluminum in the metal nitride 
5 layer so long as the composition of the metal nitride 
layer differs from that of the metal aluminum nitride 
layer. 

In another form, the invention is a 
nanolayered coated member that comprises a substrate 

10 that has a surface and a coating on the surface of the 
substrate. The coating comprises a plurality of 
coating sets of nanolayers wherein a set comprises 
alternating nanolayers of a nanolayer of a metal 
aluminum nitride (wherein the metal aluminum nitride 

15 may optionally include carbon and/or silicon) and a 

nanolayer of a metal aluminum carbonitride (wherein the 
metal aluminum carbonitride may optionally include 
silicon) . The coating includes a bonding region and an 
outer region. The bonding region comprises a plurality 

20 of the coating sets wherein the thickness of a coating 
set generally increases as one moves away from the 
surface of the substrate. The outer region comprises a 
plurality of the coating sets. The metal may comprise 
titanium, niobium, hafnium, vanadium, tantalum, 

25 zirconium and/or chromium alone or in combination with 
each other or in combination with other metals. 

In yet another form, the invention is a 
nanolayered coated member that comprises a substrate, 
that has a surface and a coating on the surface of the 

30 substrate. The coating comprises a plurality of 
coating sets of nanolayers wherein a set comprises 
alternating nanolayers of a nanolayer of a metal 
nitride (wherein the metal nitride may optionally 
include carbon and/or silicon) , a nanolayer of a metal 

35 aluminum nitride (wherein the metal aluminum nitride 



wo 03/078689 

. PCT/US03/06953 



15 



25 



30 



35 



may optionally include carbon and/or silicon) , and a 
nanolayer of a metal aluminum carbonitride (wherein the 
metal aluminum carbonitride may optionally include 
silicon) . The coating includes a bonding region and an 
5 outer region. The bonding region comprises a plurality 
of the coating sets wherein the thickness of a coating 
set generally increases as one moves away from the 
surface of the substrate. The outer region comprises a 
plurality of the coating sets. The metal may comprise 
10 titanium, niobium, hafnium, vanadium, tantalum, 

zirconium and/or chromium alone or in combination with 
each other or in combination with other metals 
including aluminum in the metal nitride layer so long 
as the composition of the metal nitride layer differs 
from that of the metal aluminum nitride layer and metal 
aluminum carbonitride layer. 

" In still ^ another .form thereof , the invention 
is a process for making a nanolayered coated member,,, 
the process eomprisihg the steps of: providing a , . 
substrate having a surface; providing a metal target 
(wherein the metal target may optionally include carbon 
and/or silicon) ; providing a metal -aluminum target 
(wherein the metal -aluminum target may optionally 
include carbon and/or silicon) ; rotating a substrate 
between the metal target and the metal -aluminum target; 
supplying electrical power at a first level of 
electrical power to the metal target; supplying . 
electrical power at the first level to the metal - 
aluminum target; depositing a coating comprising 
coating sets of alternating nanolayers on the surface 
of the substrate; changing the deposition rate of the 
alternating nanolayers over a selected period of time 
during which electrical power supplied to the metal 
target changes from the first level to a second level; 
and controlling the deposition rate of the alternating 



20 



wo 03/078689 



-6- 



PCTAJS03/06953 



nanolayers for a period of time after the electrical 
power reaches the second level. The metal may comprise 
titanium, niobium, hafnium, vanadium, tantalum, 
zirconium and/or chromium alone or in combination with 
5 each other or in combination with other metals 

including aluminum in the metal target so long as the 
composition of the metal target differs from that of 
the metal -aluminum target. 

In still another form thereof, the invention 

10 is a process for making a nanolayered coated member, 
the process comprising the steps of : providing a 
substrate having a surface; providing a metal -aluminum 
target (wherein the metal -aluminum target may 
optionally include carbon and/or silicon) ; providing a 

15 metal -aluminum- carbon, target (wherein the metal--. 

aluminum- carbon target may optionally include silicon) ; 
rotating a substrate between the metal -aluminum target 
and the metal -aluminumr carbon target;; supplying 
electrical power at a first level to the metal -aluminum 

20 target; supplying electrical power at the first level 
to the metal -aluminum- carbon target; depositing a 
coating comprising coating sets of alternating 
nanolayers on the surface of the substrate; changing 
the deposition rate of the alternating nanolayers over 

25 a selected period of time during which electrical power 
supplied to the metal -aluminum target and the metal- 
aluminum- carbon target changes from the first level to 
a second level; and controlling the deposition rate of 
the alternating nanolayers for a period of time after 

30 the electrical power reaches the second level. The 
metal may comprise titanium, niobium, hafnium, 
vanadium, tantalum, zirconium and/or chromium alone or 
in combination with each other or in combination with 
other metals. 
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in stUl another form thereof, the invention 
IS a process for „«king a nanolayered coated member, 
the process comprising the steps of: providing a 
_ substrate having a surface; providing a metal target 
^ ^"^--n the metal target may optionally include carbon 
and/or sUxcon) ; providing a metal -aluminum target 
(Wherein the metal -aluminum target may optionally 
xnclude carbon and/or silicon); providing a metal- 
alumanum-carbon target (wherein the metal-aluminum- 
carbon target may optionally include silicon,; rotating 
a substrate between the metal target and the metal- 
alumanum target and the metal -aluminum-carbon target- 
supplying electrical power at a first level to the ' 
metal target ; supplying electrical power at the first 
level to the metal -aluminum target; supplying 
electrical power at the first level to the metal- ' 
aluminum-carbbh target; depositing a coating cpnprising 
coating sets of alternating nandlayers on the surface 
of the substrate; changing the deposition rate of the 
alternating nanolayers over a selected period of time 
durxng which electrical power supplied to the metal 
target and to the metal -aluminum target and to the 
metal-aluminum-carbon target changes from the first 

IZeofM 'T' the deposition 

al!r th . -nolayers for a period of time 

after the electrical power reaches the second level 
The metal may comprise titanium, niobium, hafnium, ' 
vanadium, tantalum, zirconium and/or chromium alone or 
an combination with each other or in combination with 
other metals including aluminum in the metal target so 
long as the composition of the metal target differs 
from that of the metal-aluminum target and the metal- 
aiuminum- carbon target. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The following is a brief description of the 
drawings that form a part of this patent application: 
FIG. 1 is an isometric view of a specific 
5 embodiment of a nanolayered coated cutting tool; 

FIG. 2 is schematic cross -sectional view of a 
cutting edge of the nanolayered coated cutting tool of 
FIG- 1 showing the substrate with the nanolayered 
coating comprising a bonding region and an outer 
10 region, and also including a finishing layer and a 
lubricious layer; 

FIG. 3 is a photomicrograph taken via 
transmission electron microscopy (TEM) technique of the 
interface between the coating and the substrate for the 
15 nanolayered coated cutting tool of Example 276; 

FIG. 4 is a photomicrograph taken via 
transmission electron microscopy (TEM) technique of the 
mid-section of the coating for the nanolayered coated 
cutting tool of Example 276; and 
20 FIG. 5 is a photomicrograph taken via 

transmission electron microscopy (TEM) technique of the 
surface region of the coating for the nanolayered 
coated cutting tool of Example 276. 

DETAILED DESCRIPTION 

25 Referring to the drawings, FIG. 1 illustrates 

a specific embodiment of a cutting tool generally 
designated as 20. Cutting tool 20 has a top rake 
surface 22 and flank surfaces 24. The top rake surface 
22 intersects with the flank surfaces 24 so as to form 

30 cutting edges 26 at the intersections thereof. 

As shown in FIG. 2, cutting tool 20 comprises 
a substrate 30 that has a nanolayered coating as shown 
by brackets 32. The nanolayered coating 32 comprises a 
bonding region as shown by the brackets 34 in FIG. 2. 
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The bonding region 34 comprises one or more coating 
sets of nanolayers (and typically a plurality of 
coating sets of nanolayers) as described hereinafter 
The nanolayered coating 32 also includes an outer 
5 region as shown by brackets 36 in PIG. 2, The outer 
region comprises a plurality of coating sets of 
nanolayers as described hereinafter. 

PIG. 2 shows that the nanolayered coating 32 
has been applied to the rake surface 38 and the flank 
10 surface(s) 40 of the substrate 30. However, it should 
be appreciated that there are instances in which the 
nanolayered coating 32 may only be applied to a 
selected one of the surfaces or selected portions of 
the surfaces of the substrate. 
15, . - Referring to one arrangement of the ■ 

• "^"°l^y^^ed coating, the nanolayered coating may 
....^comprise ^twcpr more .coating sets.pf alternating layers 
' . .Qf .materials wherein: one of the. materials is.a:.metal ■ 

. nitride and the other material . is , . metal aluminum 
20 n-tride (e.g., titanium nitride/titanium aluminum 

nitrade or titanium aluminum nitride/titanium nitride) 
What this means is that in one specific coating scheme.' 
the metal nitride (e.g., titanium nitride) layer may be 
the layer closest to (or actually on) the surface of 
25 the substrate. Yet, in another specific coating 

scheme, the metal aluminum nitride (titanium aluminum 
nitride) layer may be the layer closest to (or actually 
on) the surface of the substrate. Applicants 
contemplate that metal nitrides and metal aluminum 
30 nitrides of the following metals and their alloys would 
be acceptable for use in the nanolayered coating: 
titanium, niobium, hafnium, vanadium, tantalum 
Zirconium, and/or chromium alone or in combination with 
each other or in combination with other metals. The 
5 metal nitride layer may include aluminum so long as the 
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composition of the metal nitride layer differs from 
that of the metal aluminum nitride layer. The metal 
nitride and the metal aluminum nitride each may include 
(as an optional component) carbon and/or silicon. 
5 Still making general reference to another 

arrangement of the nanolayered coating , the nanolayered 
coating may conprise two or more coating sets of 
alternating layers of materials wherein one of the 
materials is a metal aluminum nitride and the other 

10 material is a metal aluminum carbonitride (e.g., 
titanium aluminum nitride/titanium aluminum 
carbonitride or titanium aluminum carbonitride/titanium 
aluminum nitride) . What this means is that in one 
specific coating scheme, the metal aluminum nitride 

15 (e.g., titanium aluminum nitride) layer may be the 
layer closest to (or actually on) the surface of the 
substrate. Yet/ in; another specific coating scheme, 
the metal aluminum carbonitride (e.g., titanium 
aluminum carbonitride) layer may be the layer closest 

20 to (or actually on) the surface of the substrate. 

Along the lines of the metal nitride/metal aluminum 
nitride coating sets, applicants contemplate that the 
following metals and their alloys would be acceptable 
for use with the nanolayered coating: titanium, 

25 niobium, hafnium, vanadium, tantalum, zirconium, and/or 
chromium alone or in combination with each other or in 
combination with other metals. The metal aluminum 
nitride may include (as optional components) carbon 
and/or silicon. The metal aluminum carbonitride may 

30 include (as an optional component) silicon. 

Referring to still another arrangement of the 
nanolayered coating, the nanolayered coating may 
comprise alternating layers of a metal nitride, a metal 
aluminum nitride and a metal aluminum carbonitride. 

35 Various arrangements of these nanolayers are presented 
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as follows when the .etal is titaniun,: titanium 
nxtride/titanium aluminum nitride/titaniun, aluminum 
carbonitride or titanium aluminum carbonitride/titanium 

S caZ:: "rr^^^^^^^"^- ^^-^^^ - -tanium aluminum 
carbonxtrxde/txtanium nitride/titanium aluminum nitride 
or txtanxum aluminum nitride/titanium aluminum 
carbonitride/titanium nitride or titanium 
nxtrxde/titanium aluminum carbonitride/titanium 

10 ltde/t?'''' nitride/titanium 
10 nxtrxde/txtanxum aluminum carbonitride. 

In one group of these arrangements with 
txtanium as the metal, the titanium nitride layer may 
be the layer closest to (or actually on) the surface of 

15 ni! Tr^'^' -^-inum 
-15 nxtrxde layer and the titanium aluminum carbonitride - 
layer are the other layers. 

■, . 7 another group of these arrangements,^ the 

■ ^^'^^^ ^^"'"inum. nitride layer , may be the ^U^^^^ .. 

closest to (or actually on), the surface of the 
20 substrate. ^ this group, the titanium nitride layer 
and the titanium aluminum carbonitride layer are the 
Other layers. 

th. ^ ''''' ^"^'""^^ °' arrangements, 

the txtanxum aluminum carbonitride layer may be the 
layer closest to (or actually on) the surface of the 
substrate, m this group, the titanium nitride layer 
and the titanium aluminum nitride layer are the other 
layers . 

Although the specific compounds for the 
coating arrangements set forth above are titanium 
nitrxde, titanium aluminum nitride and titanium 
aluminum carbonitride, applicants contemplate that 
other metal nitrides, metal aluminum nitrides and metal 
alumxnum carbonitrides would be acceptable, m this 
35 regard, other metals and their alloys for the metal 
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nitride f the metal aluminum nitride, and the metal 
aluminum carbonitride include niobium, hafnium, 
vanadium, tantalum, zirconium, and/or chromium alone or 
in combination with each other or in combination with 
5 other metals. The metal nitride layer may include 
aluminum so long as the composition of the metal 
nitride layer differs from the composition of the metal 
aluminum nitride layer and the metal aluminum 
carbonitride layer. In the above arrangements, the 

10 metal nitride (e.g., titanium nitride) and the metal 
aluminum nitride (e.g. titanium aluminum nitride) each 
may (as an option) include carbon and/ or silicon. The 
metal aluminum carbonitride (e.g., titanium aluminum 
carbonitride) may as an optimal component include 

15 silicon. 

Referring back to the specific coating scheme 
shown in FIG; 2, the bonding region 34 comprises a 
plurality of coating sets of alternating nanolayers of 
titanium nitride and titanium aluminum nitride. The 

20 purpose of the bonding region is to provide good 

adhesion between the coating and the substrate during 
usage (e.g., metalcutting applications). The bonding 
region has a thickness that ranges between about .025 
micrometers and about 0 . 6 micrometers . More 

25 preferably, the bonding region has a thickness than 
ranges between about 0.05 micrometers and about 0.4 
micrometers . Each nanolayer in the bonding region 
(whether it is a nanolayer of titanium nitride or a 
nanolayer of titanium aluminum nitride) has a thickness 

30 that may range between about 0,5 nanometers and about 5 
nanometers, and more preferably, may range between 
about 0.5 nanometers and about 2 nanometers. 

The thickness of the titanium aluminum 
nitride layer is typically different than the thickness 

35 of the titanium nitride layer. Generally speaking, the 
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without limitation. ^'^^^^ 
portion of the coatin« """^ "P" 

j-cvej. CO a second level i. . 

' ~ r: '° --^"^ - ---- ~ 

portion of the process, the nv^ber of coatino , . 
layers extend into the hun^eds aire"! cTt 
set has . thic^ess in the „a„o»te. Z ^ 

thickness of le<a« t->,=^ i. » \j-.e., a 

or less than about lOO nanometers) 

^ AS a result of thig, continuing increase in 

the deposition rate durino hh^' "crease, in 

.thickness Of the coat "'"^ up.period, the : 

^ ^^^ °°^ting sets, in the bonding -reoion 
rPhanges. .More specificallv • region 
th^f = ciiically, at IS generally- the case 

that as one moves away from the .surface of the ' 

=^ ™; — --r-^^^^^^ 
IT :rr" of th?ta^°:"" 

aWor the ievei of electrical power supplied to the 



35 



the thic Jssttoh^LT""" 

- na„oi_ J:ei:„T::\h^".:L'^rar ^^^'^ 

»Ue.native. the increase in the thic^es^of each 
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coating set may occur when the thickness of one 
nanolayer remains substantially constant and the 
thickness of the other nanolayer increases. 

In the process, for example, once the 
5 electrical power to the targets reaches the second 
level of electrical power, the electrical power 
preferably will be reduced for at least one of the 
targets to a level greater than the first level of 
electrical power for the remainder of the coating 

10 process to apply the outer region. The reduced level 
of electrical power may be different for each target. 
Also, the level of electrical power applied to each 
target may vary during the portion of the process to 
apply the outer region. 

15 Referring to the bonding region, for example, 

the titanium nitride layer and the titanium , 
carbonitride layer may include an aluminum content 
. ranging from 0 to a higher level so long as the amount • 
of aluminum is less thcui that contained in the titanium 

20 aluminum nitride layers and in the titanium aluminum 
carbonitride layers. 

Still referring to FIG. 2, the plurality of 
coating sets that comprise the outer region are 
alternating nanolayers of titanium nitride and titanium 

25 aluminum nitride. The outer region has a thickness 
that ranges between about 1 micrometer and about 20 
micrometers so long as there is good adhesion between 
the coating and the substrate in metalworking 
applications. More preferably, the outer region has a 

30 thickness that ranges between about 1 micrometer and 
about 10 micrometers. Each nanolayer (whether it is 
titanium nitride or titanium aluminum nitride) has a 
thickness that may range between about 0.5 nanometers 
and about 20 nanometers. More preferably, the 

35 thickness of each such nanolayer ranges between about 
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0.5 nanometers and about lo nanometers. Most 
preferably, the thinness of each such nanolayer ranges 
between about 0.5 nanometers and about 2 nanometers 

The thickness of each coating set in the 
outer region may be substantially equal or the 
thicknesses may vary, m the situations in which the 
coating sets have a substantially equal thickness, the 
hxckness of the nanolayers that make up the coating 
set, i.e. , titanium nitride nanolayer and the titanium 
D alumxnum nitride nanolayer, may not necessarily be 

hereinafter of the coating scheme in PiQ. 3 the 
thickness of the titanium nitride nanolayer 'ranges 
between about 1 nanometer to about 2 nanometers and the 
. thxckness of. the titanium aluminum. nitride nanolayer 
ranges between about 10 nanometers to about 11 
- nanometers . In this .regard, the- thickness of .the . 
txtaniu. nitride nanolayers i. the bonding region also 
range between ab6ut 1 nanometer to about 2. .nanometer, 
while the thickness of the titanium aluminum nitride 

nanolayers increase as the coahino ..f. 

.t ^ ° coating sets move away trom 

the substrate. Applicants contemplate that the 
titanium nitride nanolayer can preferably range in 
thickness between about 0.5 to about 2 nanometers. 

T '^""^"^^"^ "-^^ aluminum 
nitride nanolayer can preferably range in thickness 
between about 0.5 to about 11 nanometers. 

r.t» , """"""'^ '^^""-e the sputtering 

rate for the titanium-aluminum target is greater than 
the sputtering rate for the titanium target, generally 
speaking, the thickness of each nanolayer of titanium 
aluminum nitride may be greater than the thickness of 
each nanolayer of titanium nitride. 

laver th "°- " i= a finishing 

layer that may comprise titanium nitride or titanium 
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aluminum nitride. The thickness of finishing layer 50 
is between about 0.1 micrometers and about 3 
micrometer. Applicants contemplate that metal 
nitrides, metal aluminum nitrides and metal aluminum 
5 carbonitrides would be acceptable as the finishing 
layer. In this regard, other metals and their alloys 
for the metal nitride, the metal aluminum nitride, and 
the metal aluminum carbonitride include titanium, 
niobium, hafnium, vanadium, tantalum, zirconium, and/or 

10 chromium alone or in combination with each other or in 
combination with other metals. The finishing layer 
alternately or in addition to the above finishing 
layers may be an alumina layer. The finishing layer is 
typically applied by physical vapor deposition (PVD) 

15 techniques. Layer 52 is a lubricious layer that may 
comprise, a material ^1 ike molybdenum disulfide. The 
total thickness- of -f inishing layer 50 and lubricious 
layers 52 is between about p . 1 micrometer and about 3 
micrometers. The finishing layer and the lubricious f 

20 layer are each optional layers for the coating scheme. 

Still referring to FIG. 2, the substrate 30 
is typically a hard material such as cemented carbide. 

One exemplary composition for the substrate 30, which 
is substrate A, is a cemented (cobalt) tungsten carbide 

25 material that has up to 0.1 weight percent tantalum, up 
to 0.1 weight percent niobium, up to 0.1 weight percent 
titanium, between about 0.3 and about 0.5 weight 
percent chromium, between about 5.7 weight percent and 
6.3 weight percent cobalt with the balance being 

30 tungsten and carbon wherein most of the tungsten and 
carbide is in the form of tungsten carbide. The 
substrate has a hardness between about 92.6 and about 
93.4 Rockwell A, a coercive force (He) of between about 
250 and about 320 oersteds, a specific gravity of 

35 between about 14.80 and about 15.00 grams per cubic 
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centimeter, a tungsten carbide grain size of 1-5 

WUI be dxscussed hereinafter, the coated cutting 
S nser s .3ed in the turning tests comprised a su^ t.ate 
of the same composition as substrate A. 

Another exemplary composition for the 

substrate, which is substrate B » 

ouuai.irace B, is a cemented (cobain 
tungsten =a.M.e „«te.ial that has hetween ahou 

about 0.6 weight percent niobium, up to 0.4 weight 

L 1 ht " ana 

12 weight percent cobalt with the balance being 

15 caTr" "^^ °' and 

carb.de .s the- form of, t.u^sten carbide. The ■ 

■ . .^T^f^'^ :^""'^' ""^''^ a»..,.Roc.well . 

• ISS oerst r »* a^ut 

. .ie5.oersteds, .a,speclfic. gravity, Of. i«t.ween about 14.1 
^ and^about 14.5 gra™ per cubic centimeter, a tungsten . ■ 

^teTpe! ;f "i="Teala cubic 

"eter per Icxlogram cobalt, is „iu be discussed 

bereinafter, the coated cutting inserts used in the 
mlling tests comprised a substrate of the same 
5 coinposition as Substrate B. 

The substrate may also be a 
or a .g, speed steel, ^...ry^^.^uVlZ: CZT''' 

diamc^txlm. The substrate may take the for™ of an 
. indexable cutting insert, a cutting insert, a drill 
« Ung cutter, end mill, reamer or tap made of a y'of 
the foregoing substrate materials. 

The preferred adhesion strength of the 
coating to the surface of the substrate is at least 45 
-■^icgrams ,Kg, . „ore preferably, the adhesion stlgth 
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is at least 60 kg, and most preferably the adhesion 
strength is at least 100 kg. The test to determine the 
adhesion strength is a Rockwell A indentation test. 

The preferable thickness of the entire 
5 nanolayered coating, exclusive of a finishing layer and 
a lubricious layer, is between about 1 micrometers and 
about 21 micrometers, and more preferably the thickness 
is between about 1 micrometers and about 11 
micrometers, and most preferably the thickness of the 

10 entire nanolayered coating is between about 2 
micrometers and about 6 micrometers. 

Generally speaking, the process to produce 
the coatings comprises using a physical vapor 
deposition technique such as magnetron sputtering. In 

15 the following examples, the apparatus used to apply the 
coating was a Cemecon CC800/8 .magnetron sputtering 
coating reactor. The coating reactor was configured so 
that the cutting insert substrates were rotated between 
two setis of targets. V Each set of targets was disposed 

20 180* from the other set. One of the sets of targets 
was two targets of titanium and the other set of 
targets was two titanium-aluminum targets. The 
substrate table was rotated at a rate of 0.8 
revolutions per minute. The substrates were mounted on 

25 rotating planetary rod fixtures on the substrate table. 

In these examples, the process comprises two 
basic portions. The first is the so-called ''ramp up" 
portion which the power to the targets is increased 
from about 500 watts to a target power, such as, for 

30 example, about 8000 watts, over the course of about 45 
minutes. Once the power reached its target, then as 
one alternative it is adjusted so as to remain constant 
(which may be, for example, 8000 watts or a lower 
electrical power level) throughout the balance of the 

35 coating process. As another option, the electrical 
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power may be varied during the balance of the coating 
process. The nature of the variation may be, for 
example, as a sinusoidal wave or as a square tooth wave 
or as a saw tooth wave. 

The following examples were made in a fashion 
generally consistent with the above description of the 
coating process. Bach of the examples in Table I 
includes substrates that had a composition like that of 
substrate A and substrates that had a composition like 
that of Substrate B. The titanium target was solid 
titanium metal. The titanium-aluminum target comprised 
a txtanium metal target having forty-eight plugs of 
aluminum therein. The process parameters for each one 
of these examples are set forth in Table I below. 

/ ' Table I ' ' ' 

Ti*. ' ^... .P^^ss Parameters for - 
Titanium Nitnde/Titariiurn.Alumirium:NitndeNariolay^^^ 



Example 



Ti 
Target 
Power 
(KW) 



TiAl 
Target 
Power 
(KW) 



Argbh 
Flow 
Rate 
(seem) 



Nitrogen Coating 

Plow :Tlme 

Rate (hours) 
(seem) 



Current 
(Amps) 



Nltrojgen 
Partial 
Flow 
Rate 



274 


4 


6 


175 


-113 


6 


21 


0.31 


276 


4 


8 


175 


-120 


6 


26 


0.32 


277 


8 


4 


175 


-119 


6 


25 


0.32 


281 


4 


6 


175/100 


-180 


6 


20 


0.5 


418 


1.6 


8 


210 


-90 


6 


21 


.24 


422 


1.6 


8 


210 


-88 


6 


20 


.24 



In each one of these examples, the flow rate for the 
20 Krypton was 80 standard cubic centimeter per minute 
(seem). In Table I the designation "seem" for the 
argon and nitrogen flow rate is standard cubic 
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centimeter per minute. In Table I the nitrogen partial 
flow rate equals the flow rate of nitrogen (seem) 
divided by the sum of the flow rates of nitrogen, argon 
and Krypton (seem) . For Example 281 in Table I, the 
5 argon flow rate of 175 seem existed at the start of the 
ramp up period and decreased during the ramp up period 
to a flow rate equal to 100 seem which was maintained 
during the remainder of the coating process. 

In the processing, there is control over the 

10 aluminum content of the titanium aluminum nitride 

depending upon the specific metalcutting application. 
For some applications it is generally preferred that 
the aluminum/ titanium atomic ratio {Al/Ti atomic ratio) 
is less than 1.0. In these applications, a preferred 

15 range for the Al/Ti atomic ratio is between about 0.2 
and about 0.9- . For other applications it is generally 
preferred that the Al/Ti atomic ratio be greater than 
or equal to 1.0 wherein a preferred range for the Al/Ti 
atomic ratio is between 1.0 and about 2.5.. The 

20 limitation of the higher end range is based upon the 
ability of the coated cutting insert to have adequate 
hardness for metalcutting applications. 

To increase the Al/Ti atomic ratio one may 
increase the level of electrical power to the aluminum- 

25 containing target (s) and/or control the nitrogen 
partial flow rate. To obtain a maximum aluminum 
content with a constant electrical power to the 
aluminum-containing target (s), one can decrease the 
nitrogen partial flow rate. One preferred nitrogen 

30 partial flow rate is a rate below 0.5. A more 

preferred nitrogen partial flow rate is a rate below 
0.4. A still more preferred nitrogen partial flow rate 
is a rate less than 0.35. If the nitrogen partial flow 
rate is below 0.2, then the adhesion and hardness of 
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20 



the layers decreases. Overall, the preferred range for 
the nitrogen partial flow rate is between 0.2 and 0.35. 

Table II below sets forth the process 
parameters for Example 449. The ramp up for Example 
449 was the same as for the earlier examples, except 
that the titanium targets were replaced by titanium- 
aluminum- carbon targets.. Each titanium-aluminum-carbon 
target comprised twelve plugs of aluminum and twelve 
plugs of graphite in a titanium metal target. " 

Table II - Process Parameters for Example 449 



Example 


TiAIC 
Target 
Power 
(KW) 


TiAl 
Target 
Power 
(KW) 


Argon 
Flow 
Rate 
(seem) 


Nitrogen 
Flow 
Rate 
(seem) 


Coating 

Time 

(hours) 


Bias 

Cun-ent 

(Amps) 


v^udungs; 

Nitrogen 
Partial 
Flow 
Rate 


449 


8 


1.6 


210 




6 


^ 15 


0.23 1 



25 



,For the processing Of. Example 449, .the flow of Krypton' 
. ,: gas remained constant , at a rate of 80 standard cubic 
centimeter per minute. In Table II the designation ' 
"seem" for the argon and nitrogen flow rate is standard 
cubic centimeter per minute. 

Table III below sets forth the process 
parameters for Example 394. The ramp up for Example 
394 was the same as that for Example 449, except that 
the txtanium-aluminum targets were replaced by titanium 
targets. Each titanium-aluminum-carbon target 
comprised twelve plugs of aluminum and twelve plugs of 
graphite in a titanium metal target. 
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Table III - Process Parameters for Example 394 
(Titanium Aluminum Carbonitride / Titanium Nitride Nanolayer Coatings) 



Example 


TiAIC 


Ti 


Argon 


Nitrogen 


Coating 


Bias 


Nitrogen 




Target 


Target 


Flow 


Flow 


Time 


Current 


Partial 




Power 


Power 


Rate 


Rate 


(hours) 


(Amps) 


Flow 




(KW) 


(KW) 


(seem) 


(seem) 






Rate 


394 


8 


1.6 


210 


80 


6 


20 


0.22 



For the processing of Example 394, the flow of Krypton 
5 gas remained constant at a rate of 80 milliliters per 
minute. In Table III the designation ''seem" for the 
argon and nitrogen flow rate is standard cubic 
centimeter per minute. 

Selected properties of the resultant coated 
10. cutting tool.arb set forth in Table IV below. These 
properties are the aluminum/titanium. atomic ratio, the 
. overall thickness of the coating in micrometers, the 
microhardness of the cutting tool in kilograms per 
square millimeter (kg/mm^) as measured by a standard 
15 Vickers test at a 25 gram load and the indent adhesion 
strength of the coated cutting tool as measured in 
kilograms. 

Referring to the analysis of the coating 
layers, a JEOL 6400 Scanning Electron Microscope (SEM) 

20 with an Oxford Industries INCA Energy 400 Dispersive 
X-Ray Spectroscopy (EDS) is used to collect 
compositional information about the coatings (i.e., the 
titanium aluminum nitride coatings) . Oxford Industries 
is located at 130A Baker Avenue Ex, Concord, MA 01742 

25 and JEOL USA, Inc. is located at 11 Dearborn, Peabody, 
MA 01960. 

The coating is analyzed in the as deposited 
state with no additional sample preparation or 
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conductive coating applied. X-Rays are collected using 
a 15KV accelerating voltage. 

The coating must be a minimum of about 3 
micrometers in thickness to prevent the excitation of 
the substrate by the electron beam (thicker coatings 
would be necessary if a higher accelerating voltage was 
used) . A minimum of 5 spectra are collected and the 
results quantified. The apparent concentration of each 
element is equal to the intensity of that element in 
the sample times the weight percent of that element in 
the standard divided by the intensity of the element in 
the standard. This must then be corrected for inter- 
element effects so that the weight percent of the 
element is equal to the apparent concentration divided 
15 by the intensity correction. Atomic percentages, are. . 
then calculated by. dividing .the.. weights percent by: the.: 
- atomic Weight of 'the -element. ^There rare several ■ 

methods' of calcialating cintensity dorrectionsr r; Th^ . 
particular analytical sdheme Uses a Phi-Rho-Ztapproach. 
Since correction factors are dependent on the 
composition of the sample, true concentrations are 
derived using an iterative calculation. 



20 
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Table IV 

Selected Properties of the Examples Using Substrate A 



Example 


AlTTi Atomic 
Ratio (%) 


Thickness (^m) 


Average Values 
of Vickers 
Microhardness 
(ko/mm^) 


Indent 
Adhesion 
Strength (kg) 


274 


0.6 


3.4/4.1/3.4 


2770 ± 101 


>60 


276 


0.67 


3.9/4.1/3.8 


3051 ± 133 


>60 


277 


0.25 


4.1/3.9/3.6 


2856 1 071 


>60 


281 


0.46 


3.2/2.8/2.9 


27671169 


>60 


418 


1.1 


4.5/5.6/5.3 


2774 1 32 


>60 


422 


1.18 


3.6/3.6/4.0 


2818 1 245 


>60 


394 


0.24 (4.9 
atomic % 
carbon present] 


4.2/4.1/4.0 


30161133 


>60 


449 ,. 


0.36 [2.9 
atomic % 
carbon present] 


4.4/4.2/3.9 


2899 1 60 


>6p 



The examples set: out in Table IV used substrates that 
5 had a composition like that of Substrate A. For the 
properties listed in Table IV^ applicants expect that 
the coated cutting inserts using a substrate that had a 
composition like Substrate B would exhibit the same or 
substantially similar properties. 

10 Some of the examples were tested in a turning 

application. The turning parameters were: workpiece 
material was 304 stainless steel, the speed was 500 
surface feet per minute (sfm) [152 meters per minute] , 
the feed was 0.012 inches per revolution (ipr) [0.3 

15 millimeters per revolution], the depth of cut was 0.080 
inches (d.o.c.) (2 millimeters d.o.c], and flood 
coolant. The cutting tool was a CNGP432 style of 
cutting tool with a negative 5 degrees lead angle and a 
sharp cutting edge. The results of the turning tests 

20 are set forth in Table III below. 
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The criteria for the tool life are as 
follows: uniform flank wear: 0.012 inches 
(0.3 millimeters); maximum flank wear: 0.016 inches 
(0.4 millimeters); nose wear: 0.016 inches 
(0.4 millimeters); crater wear: 0.004 inches 
(0.100 millimeters); chip width on rake: 0.020 inches 
(0.5 millimeters); and depth of cut notch: 0.016 inches 
(0.4 millimeters) . 

Table V 



Example 


Rep. 1 


Rep. 2 


Average 


Std. Deviation 


277 


18.00 


14.30 


16.15 


2.62 


274 


14.93 


23.56 


19.24 


6.11 


281 


12.46 


11.00 


11.73 


1.03 


276. \ 


27.28 v= 


21.66vi 


24.57 . 


3,97 


!<C5p10 

[Comparative 

Example] 


14.00 


16.00 


15.00 


1.41 



15 



20 



For Comparative Example KC5010, the substrate 
had the same composition as Substrate A. The coating 
was a single layer of titanium aluminum nitride with a 
nominal thickness of about 4.0 micrometers. Still 
referring to Comparative Example KC5010, the Al/Ti 
ratio equaled about 1.0, and the microhardness equaled 
about 2500 Kg/mm^ The KC5010 cutting tool is a prior 
art cutting tool available from Kennametal Inc. of 
Latrobe , Pennsylvania . 

Referring to the photomicrograph PIG. 3, 
there is shown the bonding region and the outer region 
of the coating scheme from Example 276. For each one 
of the bonding region and the outer region there are 
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alternating nanolayers of titanium nitride and titanium 
aluminum nitride. The dark nanolayers are titanium 
nitride and the light nanolayers are titanium aluminum 
nitride - 

5 For FIG. 3, and also FIGS. 4 and 5, it should 

be appreciated that applicants believe that the visual 
contrast in darkness between the nanolayers shows that 
the titanium nitride nanolayers have no aluminum 
contained therein, or significantly less aluminum 

10 contained therein than do the titanium aluminum nitride 
nanolayers. It should be appreciated that the titanium 
nitride nanolayers are not necessarily pure titanium 
nitride since they may contain aluminum. To the extent 
there is aluminum contained in the titanium nitride 

15 nanolayers, this aluminum content may vary between the 
titanium- nitride. nanolayers. Applicants believe that 
the splotchy areas in the figures, and especially 
FIG. 3, are artifacts of TEM specimen preparation. 
Referring to the bonding region, the 

20 nanolayers of titanium nitride have a thickness of 

between about 1 to 2 nanometers. The thickness of the 
titanium nitride nanolayers remains substantially 
constant throughout the bonding region. The thickness 
of the titanium aluminum nitride nanolayers begins at a 

25 range between about 1 to about 2 nanometers at and near 
the interface between the coating and the substrate. 
The substrate is the black area in the upper right-hand 
corner of the photomicrograph. The thickness of the 
titanium aluminum nitride layers increases as one moves 

30 away from the surface of the substrate. The thickness 
of the titanium aluminum nitride nanolayers increases 
to a range between about 10 to about 11 nanometers. 

Referring to the photomicrograph FIG. 4, 
there is shown the bulk region of the coating scheme. 

35 The bulk region comprises alternating nanolayers of 
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30 



t.ta„.™ nitride and titani™ aluminum nitride wherein 
one nanoUyer of titanium nitride and one nanoil^r "f 
titanium aluminum nitride co^risee a coating seT 1 
thxctees. Of each nanolayer of titaniu™ nitrL^ 
= about e^l and ranges between about ^ to about T 
nanometers. The thiotaess of each nanolay^er of tL„- 
aluminum nitride is about equal and \ 
aho„r in ^ ranges between 

about 10 nanometers to about 11 nanometers. 

Referring to the photoadcrograph FIG. 5 
there « sho«, the region of the coating scheme tit 
includes the outer surface thereof t„ 

coating scheme comprises alte^ °' 
n,.„- °m>riBeB alternating nanolayers of 

titanium nitride and titanium aluminum nitride wherein 
°-;-layer of titanium nitride and one nanola^r 
. t i anium aluminum .nitride Chrises -a. coating .et ^e 

'h-'"-^°^each;nanolayer:of;titanium..nitrL.is 
f about,e4uaU.a„d:raSgisIbet„i.h.^ut^,,,o aJr T ■ 
.nanometers. Th^ thictaess of .each hanolay^r. of titanium 
aluminum= nitride is. about e^i ani raj* betw^e" 
about 10 nanometers to about 11 nanometers. 

■ . '^^ '='^'^1*= tested in a milling 

application. The milling parameters were. worLec. 
material was 4140 steel eh. "ortPlece 
per minute ,sfm) ,1S3 1 

0 012 inche, ° ■ '""l -as 

re^LT r T '"-^ "iUimeters per 

revolution,, the axial depth of cut (a.d.o.c, was 

O.XOO inches ministers rdoc, and the r dial 

<iepth of cut (r.d.o.c.) was 3.0 inches (75 
rdool «i J inones 175 millimeters 

rdoc). and flood coolant. The cutting tool was a 
SBHW43A„ style Of cutting tool With a 45 degree lead 
angle a^ a T land of 0.. millimeters and .o^e s 



20 



35 



The criteria for the tool life are as 
follows: uniform flank wear: 0.012 inches 
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(0.3 millimeters); maximum flank wear: 0.016 inches 
(0.4 millimeters); nose wear: 0.016 inches 
(0.4 millimeters); crater wear: 0,004 inches 
(0.100 millimeters); and chip width on rake: 
5 0.030 inches (0.75 millimeters). The examples set out 
in Table VI used a substrate that had a composition 
like Substrate B. Comparative Example KC525M is a 
cutting tool that has a substrate with a composition 
like that of Substrate B and a coating of titanium 
10 aluminum nitride wherein the coating has a nominal 
thickness of about 4 micrometers. 



Table VI 

Tool Life (Minutes) for Milling of 4140 Steel 



Example 


Rep. 1 


Rep. 2 


Rep. 3 


Average Tool 
Life / Std. 
Deviation 


277 


7.45 


6.62 


9.10 


7.72/1.26 


274 


7.45 


8.28 


8.28 


8.00/0.48 


281 


4.96 


. 7.45 


8.28 


6.90/1.73 


276 


8.28 


4.97 


8.28 


7.18/1.91 


KC525M 

[Comparative 
Example] 


4.97 


4.97 


6.62 


5.52/0.96 



15 The patents and other documents identified 

herein are hereby incorporated by reference herein. 

Other embodiments of the invention will be 
apparent to those skilled in the art from a 
consideration of the specification or a practice of the 

20 invention disclosed herein. It is intended that the 
specification and examples are illustrative only and 
are not intended to be limiting on the scope of the 
invention. The true scope and spirit of the invention 
is indicated by the following claims. 
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WHAT IS CLAIMED IS = 

1. A nanolayered coated member comprising: 
a substrate having a surface and a coating on 

the surface of the substrate; 

the coating comprising a plurality of coating 

sets of nanolayers wherein each coating set comprising 

alternating nanolayers of a metal nitride and a metal 

aluminum nitride; 

the coating including a bonding region and an 
outer region; and j 

the bonding region comprising a plurality of 
the coating sets wherein the thickness of the coating 
sets increase as one moves away from the surface of the 
substrate. 

2. The coated meiriaer 'accbrding to claim 1 
Wherein the metal is ^blebte^ fem 'the ^roup comprising 
titanium, niobium, hafhiutii, vanadium, tantaliim. 
molybdenum, zirconium, - chromium a^d tungsten alone or 
in combination with each other or in combination with 
other metals. 

3. The coated member according to claim 1 
wherein the substrate is selected from the group 
comprising cemented carbide, cermet, ceramic, high 
speed steel, diamond, polycrystalline diamond, and 
polycrystalline cubic boron nitride. 

4. The coated member according to claim 1 
wherein the coating has a thickness ranging between 
about 1 micrometer and about 21 micrometers. 

5. The coated member according to claim 1 
wherein the bonding region has a thickness ranging 
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between about 0.025 micrometers and about 0.6 
micrometers . 

6 . The coated member according to claim 1 
wherein the bonding region has a thickness ranging 
between about 0.05 micrometers and about 0.4 
micrometers . 

7. The coated member according to claim 1 
wherein each one of the metal nitride nanolayers and 
each one of the metal aluminum nitride nanolayers in 
the bonding region has a thickness between about 0.5 
nanometers and about 5 nanometers. 

8 . The coated member according to claim 1 
wherein each one. of the metal nitride nanolayers and 
.each one- of the metal aluminum nitride nanolayers in 
the bonding region has a thickness between about 0.5 
nanometers and about 2 nanometers . 

9. The coated member according to claim 1 
wherein the outer region has a thickness ranging 
between about 1 micrometer and about 20 micrometers. 

10. The coated member according to claim 1 
wherein each one of the metal nitride nanolayers and 
each one of the metal aluminum nitride nanolayers in 
the outer region has a thickness between about 0 . 5 
nanometers and about 20 nanometers. 

11. The coated member according to claim 1 
wherein each one of the metal nitride nanolayers and 
each one of the metal aluminum nitride nanolayers in 
the outer region has a thickness between about 0.5 
nanometers and about 10 nanometers. 
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12. The coated member according to claim 1 
wherein each one of the metal nitride nanolayers and 
each one of the metal aluminum nitride nanolayers in 
the- bonding region has a thickness between about 0.5 
nanometers and about 2 nanometers. 

13. The coated member according to claim 1 
wherein the metal is titanium, and for each of the 
coating sets the titanium aluminum nitride nanolayer 
having a thickness and the titanium nitride nanolayer 
having a thickness, and the thickness of the titanium 
aluminum nitride nanolayer being different from the 
thickness of the titanium nitride nanolayer. 

The coated member according to claim 1 
wherein the mbtal is titanium, and for each of the 
.1 !^.°^2"^.?^''° alumihiiih nitride nanolayer: 

^"^""^^^ ? .^^^''^^ titariium rtit^ide nanolayer 

havin^^ i thickiiesk,;^nd the t of the titanium 

aluminum nitride nariolayer being greater than the 
thickness of the titanium nitride nanolayer. 

15. The coated member according to claim 14 
wherein the thickness of the titanium nitride nanolayer 
remains substantially the same as one moves away from 
the surface of the substrate. 

16. The coated member according to claim 13 
wherein each nanolayer of the titanium nitride in the 
bonding region has a thickness ranging between about 
0.5 nanometers and about 2 nanometers. 

17. The coated member according to claim 13 
wherein each nanolayer of the titanium aluminum nitride 
in the bonding region has a thickness ranging between 
about 0.5 nanometers and about 11 nanometers. 
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18. The coated member according to claim 13 
wherein each nanolayer of titanium nitride in the outer 
region has a thickness ranging between about 0.5 
nanometers and about 2 nanometers. 

19. The coated member according to claim 13 
wherein each nanolayer of titanium aluminum nitride in 
the outer region has a thickness ranging between about 
0.5 nanometers and about 11 nanometers. 

20. The coated member according to claim 1 
wherein for each of the coating sets in the bonding 
region the thickness of the metal nitride nanolayer 
being different from the thickness of the metal 
aluminum nitride nanolayer. 

21. * The cpated member according to claim 20 
wherein for each of the coating sets in the bonding 
region, the metal aluminum nitride nanolayer having a 
greater thickness than the thickness of the metal 
nitride nanolayer. 

22. The coated member according to claim 1 
wherein for each of the coating sets in the outer 
region the thickness of the metal nitride nanolayer 
being different from the thickness of the metal 
aluminum nitride nanolyer. 

23. The coated member according to claim 22 
wherein for each of the coating sets in the outer 
region, the metal aluminum nitride nanolayer having a 
greater thickness than the thickness of the metal 
nitride nanolayer. 

24. The coated member according to claim 22 
wherein for each of the coating sets in the outer 
region the thickness of the metal aluminum nitride 
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nanolayer being at least about five times as great as 
the thickness of the metal nitride nanolayer. 

25. The coated member according to claim 1 
wherein the coated member comprising one of the 
following: a cutting insert, an indexable cutting 
insert, a drill, a milling cutter, an end mill, a 
reamer, and a tap. 

26. The coated member according to claim 1 
wherein the outer region comprising a plurality of the 
coatang sets wherein the thickness of each one of the 
coating sets is about equal. 

27. The coated member according to claim 1 
further including a finishing layer, applied to ,the . 
outer surface of .;the cbati^g;,; • 

28. Thfe coated;^m^ii|.er' according to ilaim 27 
.Wherein the finishing layer comfSsing one or more . 

layers of one or more of the following: alumina, and 

nxtrides, aluminum nitrides and aluminum carbonitrides 

of one or more of titanium, niobium, hafnium, vanadium, 

tantalum, zirconium, chromium alone or in combination 

wxth each other or in combination with other metals. 

29. The coated member according to claim 27 
further including a lubricous coating on the finishing 
coating. 

30. The coated member according to claim i 
wherein in the metal aluminum nitride nanolayer the 
aluminum/titanium atomic ratio ranges between about o 2 
to about 2.5. 
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31. The coated member according to claim 30 
wherein the aluminum/titanium atomic ratio is greater 
than zero and less than 1.0. 

32. The coated member according to claim 31 
wherein the aluminum/ titanium atomic ratio is greater 
than 0.2 and less than 0.9. 

33. The coated member according to claim 30 
wherein the aluminum/titanium atomic ratio is equal to 
or greater than 1.0 and less than 2.5. 

34 - The coated member according to claim 1 
wherein the metal nitride nanolayer including aluminum 
therein, and the composition of the aluminum- containing 
metal nitride nanolayer being dif f erent . f rom the 
composition of the metal, aluminum nitxide nanolayer. 

35. The coated member according to claim 34 
wherein the aluminum content in the aluminum-containing 
metal nitride nanolayer being less than the aluminum 
content in the metal aluminum nitride nanolayer. 

36. The coated member according to claim 35 
wherein the metal is titanium. 

37. A nanolayered coated member comprising: 

a substrate having a surface and a coating on 
the surface of the substrate; 

the coating comprising a plurality of coating 
sets of nanolayers wherein each coating set comprising 
alternating nanolayers of a metal aluminum nitride and 
a metal aluminum carbonitride; 

the coating including a bonding region and an 
outer region; and 

the bonding region comprising a plurality of 
the coating sets wherein the thickness of each coating 
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set increases as one moves away from the surface of the 
substrate. 

38. The coated member according to claim 37 
wherein the metal is selected from the group comprising 
titanium, niobium, hafnium, vanadium, tantalum, 
molybdenum, zirconium, chromium and tungsten alone or 
in combination with each other or in combination with 
other metals. 

39. The coated member according to claim 37 
wherein the substrate is selected from the group 
comprising cemented carbide, cermet, ceramic, high 
speed steel, diamond, polycrystalline diamond, and 
polycrystalline cubic boron. 

40. ; The co^ed'membet according to-claira 37 
' Wherein: for each of^h^^cdatlrig.^ets ^n:thev bonding .' 

region the ^thickness ^the m^tal aluminum nitride 
nanolayer beihg different ^f roift the thickness of the 
metal aluminum carbonitride nanolayer. 

41. The coated member according to claim 37 
wherein for each of the coating sets in the outer 
region the thickness of the metal aluminum nitride 
nanolayer being different than the thickness of the 
metal aluminum carbonitride nanolayer. 

42. The coated member according to claim 37 
wherein the outer region comprising a plurality of the 
coating sets wherein the thickness of each coating set 
is about equal . 

43. The coated member according to claim 37 
wherein the coated member comprising a cutting insert, 
the cutting insert having a rake surface and a flank 
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surface, the rake surface and the flank surface 
intersecting to form a cutting edge. 

44. The coated member according to claim 37 
wherein the metal is titanium, and for each of the 
coating sets the titanium aluminum nitride nanolayer 
having a thickness and the titanium aluminum 
carbonitride nanolayer having a thickness, and the 
thickness of the titanium aluminum nitride nanolayer 
being different from the thickness of the titanium 
aluminum carbonitride nanolayer. 

45. The coated member according to claim 37 
further including a finishing layer applied to the 
outer surface of the coating. 

46. The coated member according tp. claim 45 
wherein the finishing layer comprises one or more of 
the following: alumina, and nitrides., aluminum 
nitrides and aluminum carbonitrides of one or more of 
titanium, niobium, hafnium, vanadium, tantalum, 
zirconium, chromium alone or in combination with each 
other or in combination with other metals. 

47. The coated member according to claim 37 
further including a lubricious coating on the finishing 
coating. 

48. The coated member according to claim 37 
wherein in the metal aluminum nitride nanolayer the 
aluminum/titanium atomic ratio ranges between about 0.2 
to about 2.5, and in the metal aluminum carbonitride 
nanolayer the aluminum/titanium atomic ratio ranges 
between about 0 . 2 and about 2.5. 

49. The coated member according to claim 48 
wherein the aluminum/titanium atomic ratio in the metal 



wo 03/078689 



-37- 



PCT/US03/06953 



aWnum nitride nanolayer is greater than zero and 
less than l.o, and the aluminum/titanium atomic ratio 
in the metal aluminum carbonitride nanolayer is greater 
than zero and less than l.o. 

50. The coated member according to claim 49 
Wherein the aluminum/titanium atomic ratio in the metal 
alumxnum nitride nanolayer is between 0.2 and 0.9, and 
the aluminum/titanium atomic ratio in the metal 
aluminum carbonitride nanolayer is between 0.2 and 0.9. 

51. The coated member according to claim 37 
Wherein in the metal aluminum nitride nanolayer the 
aluminum/titanium atomic ratio ranges between greater 
than 1.0 and less than 2.5, and in the metal aluminum 
carbonitride nanolayer the aluminWtit^nium atomic 
ratio ranges between greater ^th^tt'^rro arid les^ than 



2.5 

52 



A nanolayered coated member comprising- 
a substrate having a surface and a coating on 
the surface of the substrate; 

the coating comprising a plurality of coating 
sets of nanolayers wherein each set comprising 
alternating nanolayers of a metal nitride and a metal 
aluminum nitride and a metal aluminum carbonitride- 

the coating including a bonding region and an 
outer region; and 

the bonding region comprising a plurality of 
the coating sets wherein the thickness of each coating 
set increases as one moves away from the surface of the 
substrate. 

53. The coated member according to claim 52 
Wherein the metal is selected from the group co^rising 
titanium, niobium, hafnium, vanadium, tantalum. 
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molybdenum, zirconium, chromium and tungsten alone or 
in combination with each other or in combination with 
other metals. 

54 . The coated member according to claim 52 
wherein the substrate is selected from the group 
comprising cemented carbide, cermet, ceramic, high 
speed steel, diamond, polycrystalline diamond, and 
polycrystalline cubic boron nitride. 

55. The coated member according to claim 52 
wherein for each of the coating sets in the bonding 
region the thickness of the metal nitride nanolayer 
being different from the thickness of the metal 
aluminum nitride nanolayer, the thickness of the metal 
nitride nanolayer being different from the thickness of 
the metal aluminum carbonitride nanolayer, and the 
thickness of the metal aluminum nitride nanolayer being 
different from the thickness of the metal aluminum 
carbonitride nanolayer. 

56. The coated member according to claim 52 
wherein for each of the coating sets in the outer 
region the thickness of the metal nitride nanolayer 
being different from the thickness of the metal 
aluminum nitride nanolayer, the thickness of the metal 
nitride nanolayer being different from the thickness of 
the metal aluminum carbonitride nanolayer, and the 
thickness of the metal aluminum nitride nanolayer being 
different form the thickness of the metal aluminum 
carbonitride nanolayer. 

57. The coated member according to claim 52 
wherein the outer region comprising a plurality of the 
coating sets wherein the thickness of each coating set 
is about equal . 
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58. The coated member according to claim 52 
wherexn the coated member comprising one of the 
following: . cutting insert, an indexable cutting 
-xnsert, a drill, a milling cutter, an end mill, a 
reamer and a tap. 

fu.^H • ''''^ ""^"^^^ according to claim 52 

further including a finishing layer applied to the 
outer surface of the coating. 

60. The coated member according to claim 59 
Wherexn the finishing layer comprising one or more 
layers of one or more of the following: alumina, and 
nxtrzdes, aluminum nitrides and aluminum carbonitrides 
Of one or more of titanium, niobium, hafnium, vanadium, 
tantalum, zxrcohium, chromium alone or .in .combination 

further including a lubriciou. coating on. the.^inishing 
coating. ^ 

62. The coated member according to claim 52 
wherexn xn the metal aluminum nitride nanolayer the 
aluminum/titanium atomic ratio ranges between about 0.2 
to about 2.5, and in the metal aluminum carbonitride 
nanolayer the aluminum/titanium atomic ratio ranges 
between about o:2 and about 2.5. 

63. The coated member according to claim 62 
Wherexn the aluminum/titanium atomic ratio in the metal 
alumxnum nitride nanolayer is greater than zero and 
less than l.o, and the aluminum/titanium atomic ratio 
xn the metal aluminum carbonitride nanolayer is greater 
than zero and less than l.o. 
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64. The coated member according to claim 63 
wherein the aluminum/titanium atomic ratio in the metal 
aluminum nitride nanolayer is between 0.2 and 0.9, and 
the aluminum/titanium atomic ratio in the metal 
aluminum carbonitride nanolayer is between 0.2 and 0.9. 

65. The coated member according to claim 52 
wherein in the metal aluminum nitride nanolayer the 
aluminum/titanium atomic ratio ranges between greater 
than 1.0 and less than 2.5, and in the metal aluminum 
carbonitride nanolayer the aluminum/titanium atomic 
ratio ranges between greater than 1.0 and less than 
2.5. 

66. The coated member according to claim 52 
wherein the metal nitride nanolayer including aluminum 
therein, and the' composition of the aluminum-containing 
metal nitride nanolayer beind| different from the 
composition of the metal aluminum nitride nanolayer. 

67. The coated member according to claim 66 
wherein the aluminum content in the aluminum- containing 
metal nitride nanolayer is less than the aluminum 
content in the metal aluminum nitride nanolayer. 

68. The coated member according to claim 67 
wherein the metal is titanium. 

69. A process for making a nanolayered 
coated member, the process comprising the steps of: 

providing a substrate having a surface; 
providing a metal target; 
providing a metal aluminum target; 
rotating a substrate between the metal target 
and the metal aluminum target; 
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supplying electrical power at a first level 
to the metal target; 

supplying electrical power at the first level 
to the metal aluminum target; 

depositing a coating comprising coating sets 
of alternating nanolayers on the surface of the 
substrate; 

changing the deposition rate of the 
alternating nanolayers over a selected period of time 
during which electrical power supplied to the metal 
target and the metal -aluminum target changes from the 
first level to a second level; and 

controlling the deposition rate of the 
alternating nanolayers for a period of time after. the 
electrical power reaches the second level. 

.70. The process according to claim 69 

,wherein the alternating nanolayers. comprise a metal 
nitride and a metal aluminum nitride.. 

71. The process according to claim 69 
wherein the alternating nanolayers comprise a metal 
nitride and a metal aluminum nitride, the depositing 
step includes depositing a plurality of coating sets of 
the alternating nanolayers during the time the electric 
power to the metal target and to the metal aluminum 
target changes from the first to the second level so as 
to deposit a bonding region of the coating. 

72. The process according to claim 71 
wherein each coating set included in the bonding region 
has a thickness, and the thickness of the coating sets 
in the bonding region increases as one moves away from 
the surface of the substrate. 
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73. The process according to claim 69 the 
depositing step includes depositing a plurality of the 
coating sets of the alternating nanolayers during the 
time after the electrical power has reached the second 
level so as to deposit an outer region of the coating. 

74. The process according to claim 73 
wherein each coating set included in the outer region 
has a thickness, and the thickness of each one of the 
coating sets remaining about equal. 

75. The process according to claim 73 
wherein for the outer region the metal nitride 
nanolayer has a thickness and the metal aluminum 
nitride nanolayer has a thickness , and the thickness of 
the metal aluminum nitride nanolayer being different 
from the thickness of:, the .metal nitride nanolayer. 

76. The process according to claim 70 
wherein for the bonding region the metal nitride 
nanolayer has a thickness and the metal aluminum 
nitride nanolayer has a thickness, and the thickness of 
the metal aluminum nitride nanolayer being different 
from the thickness of the metal nitride nanolayer. 

77. The process according to claim 69 
further including depositing a finishing layer on the 
outer surface of the coating. 

78. The process according to claim 77 
wherein the finishing layer comprising one or more 
layers of one or more of the following: alumina, and 
nitrides, aluminum nitrides and aluminum carbonit rides 
of one or more of titanium, niobium, hafnium, vanadium, 
tantalum, zirconium, chromium alone or in combination 
with each other or in combination with other metals. 
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79. The process according to claim 77 
further including depositing a lubricious layer on the 
surface of the finishing layer. 

80. The process according to claim 69 
wherein the coated member comprising one of the 
following: a cutting insert, an indexable cutting 
insert, a drill, a milling cutter, an end mill, a 
reamer and a tap. 

81. The process according to claim 69 
further including supplying nitrogen at a pre-selected 
nitrogen partial flow rate. 

82. The process accprding to claim 81 
wherein the nitrogen partial ^.low :rate is. below 0.5. 

83. TheJprocess^ 

wherein the nit ro^ Partial fjow; rate is below 0.4. 

84. The process according to claim 81 
wherein the nitrogen partial flow rate ranges between 
about 0.35 and about 0.2. 

85. The process according to claim 69 
wherein the first level of electrical power is less 
than the second level of electrical power. 

86. A process for making a nanolayered 
coated member, the process comprising the steps of : 
providing a substrate having a surface; 

providing a metal -aluminum target; 

providing a metal -aluminum-carbon target; 

rotating a substrate between the metal - 
aluminum target and the metal -aluminum-carbon target; 

supplying electrical power at a first level 
to the metal -aluminum target; 
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supplying electrical power at the first level 
to the metal -aluminum- carbon targets- 
depositing a coating coitprising coating sets 
of alternating nanolayers on the surface of the 
substrates- 
changing the deposition rate of the 
alternating nanolayers over a selected period of time 
during which electrical power supplied to the metal - 
aluminum target and to the metal -aluminum- carbon target 
changes from the first level to a second level; and 

controlling the deposition rate of the 
alternating nanolayers for a period of time after the 
electrical power reaches the second level. 

. 87. The process according to claim 86 
wherein the depositing step comprises depositing a 
plurality of coating sets of ialternating nanolayers of 
metal aluminum nitride and a metal aluminum 
carbonitride. ^ . 

88. The process according to claim 86 
wherein the depositing step includes depositing a 
plurality of coating sets of alternating nanolayers of 
metal aluminum nitride and metal aluminum carbonitride 
during the time the electric power is increased to the 
metal -aluminum target and to the metal -aluminum- carbon 
target so as to deposit a bonding region of the 
coating. 

89- The process according to claim 88 
wherein each one of the coating sets included in the 
bonding region has a thickness and the thickness of the 
coating sets increases as one moves away from the 
surface of the substrate. 



wo 03/078689 



-45- 



PCT/US03/06953 



90. The process according to claim 88 

Xl2 I -^^-ating nanolayers of .etal aluminu! 
a e hltr^^^^^ alu.inu..car.onitride during the .i.e 

as to r ^^^^^^^ — ^ ^evel 

as to deposxt an outer region of the coating. 

91. The process according to claim 90 
wherexn each one of the coating sets included in the 
outer region has a thic3cness, and the thickness of the 
coating sets remaining about equal. 

92. The process according to claim 86 
Wherein the depositing step comprises depositing a 
Plurality of coating sets of alternating layers of 
metal alumiham nitride .and metal aluminum carbonitride 
so as to fiform a - bonding region;: / ,. , 

: . ■ 93 V The procesa^a^^ . 

•Wherein for the bonding region the metal al^^^^^^^ ■ 

nitride layer has a thickness and the metal aluminum 
c rb i,, ^ ^^^^^^^^^ ^^^^^J^ 

Of the metal aluminum carbonitride layer being 
different from the thickness of the metal »i • 
nitride layer. aluminum 

94 . The process according to claim 86 
Wherein the depositing step con^rises depositing a 
Plurality of coating sets of alternating layers of 
metal aluminum nitride and In«^ = ^ =i 

""-"^^ ^^"^ ""etal aluminum carbonitride 
so as to form an outer region. 

95. The process according to claim 94 
wherein for the outer region the metal »i ■ 

t-. ^ aluminum nitride 

layer has a thickness and the metal aluminum 

carbonitride layer has a thickness, and the thickness 
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of the metal aluminum carbonitride layer being 
different from the thickness of the metal aluminum 
nitride layer. 

96. The process according to claim 86 
further including depositing a finishing layer on the 
outer surface of the coating. 

97. The process according to claim 96 
wherein the finishing layer comprising one or more 
layers of one or more of the following: alumina, and 
nitrides, aluminum nitrides and aluminum carbonitrides 
of one or more of titanium, niobium, hafnium, vanadium, 
tantalum, zirconium, chromium alone or in combination 
with each other or in combination with other metals. 

98. The process according to claim- 96 
further including depositing a iubricious coating on 
the surface of the finishing coating*. * 

99. The process according to claim 86 
wherein the coated member comprising a cutting insert, 
a drill, an end mill, a milling cutter, a reamer and a 
tap. 

100. The process according to claim 86 
further including supplying nitrogen at a pre-selected 
nitrogen partial flow rate. 

101. The process according to claim 100 
wherein the nitrogen partial flow rate is below 0.5. 

102 . The process according to claim 100 
wherein the nitrogen partial flow rate is below 0.4. 

103 . The process according to claim 100 
wherein the nitrogen partial flow rate ranges between 
about 0.35 and about 0.2. 
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104. The process according to claim 86 
wherexn the first level of electrical power is less 
than the second level of electrical power. 

105. A process for making a nanolayered 
coated member, the process comprising the steps of- 

providing a substrate having a surface; 

providing a metal target; 

providing a metal aluminum target; 

providing a metal - aluminum- carbon' target • 
.nH ""^'^''"^ ^ substrate between the metal target 

ctbon """""^ "^^^^ -tal-aluminum! 

supplying electrical power at a first level 
to the metal target; 

" t^ Vh ""^^^'^^r^-icaf power at the first level 
to the metal aluminum target; ' . r , - . 

; ; , -applying electrical, power at the first level 
.: tA;=the metal -aluminum-carbon ta^^^ 

Of ''^^^"'""^ ^ comprising coating sets ' 

of alternating nanolayers on the surface of the 
substrate; 

changing the deposition rate of the 
alternating nanolayers over a selected period of time 
durxng which electrical power supplied to the metal 
target and to the metal -aluminum target and to the 
metal-aluminum-carbon target changes from the first 
level to a second level; and 

controlling the deposition rate of the 
alternating nanolayers for a period of time after the 
electrical power reaches the second level. 

106. The process according to claim 105 
Wherein the depositing step comprises depositing a 
Plurality of coating sets of alternating nanolayers of 
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a metal nitride and a metal aluminum nitride and a 
metal aluminum carbonitride. 

107. The process according to claim 105 
wherein the depositing step includes depositing a 
plurality of coating sets of alternating nanolayers of 
metal nitride and metal aluminum nitride and a metal 
aluminum carbonitride during the time the electric 
power is increased to the metal target and the metal 
aluminum target and the metal aluminum carbon target so 
as to deposit a bonding region. 

108. The process according to claim 107 
wherein for the bonding region each coating set 
included in the bonding region has a thickness and the 
thickness of each coating set increases as one moves 
away from the surface of this substrate. 

109. The process according to claim 105 
wherein the depositing step further includes depositing 
a plurality of alternating nanolayers of metal nitride 
and metal aluminum nitride and metal aluminum 
carbonitride during the time after the electrical power 
has reached the second level so as to deposit an outer 
region. 

110. The process according to claim 109 
wherein for the outer region each coating set included 
in the outer region has a thickness, and the thickness 
of each one of the coating sets remaining about equal. 

111. The process according to claim 105 
wherein the depositing step comprises depositing a 
plurality of coating sets of alternating layers of 
metal nitride and metal aluminum nitride and metal 
aluminum carbonitride so as to form a bonding region. 
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1-12. The process according to claim ill 
Wherein for each of the coating sets in the bonding 
regxon. the metal nitride nanolayer has a thic^ess and 
the metal aluminum nitride nanolayer has a thickness 
and the metal aluminum carbonitride nanolayer has a 
thickness, and the thickness of the metal aluminum 
n.trade layer being different from the thickness of the 
metal nxtride nanolayer and the thickness of the metal 
aluminum nitride nanolayer being different from the 
thickness Of the metal aluminum carbonitride nanolayer 
and the thickness of the metal aluminum nit.ide 
nanolayer being different from the thickness of the 
metal aluminum carbonitride nanolayer. 

113. The process according to claim 105 

.. wjxerein the depositing step comprises depositing ■ ' 
plurality Pf- coating sets of alternating layers of -: 

.-m^tal nitride.and metal aluminum; nitride and metal " : " ■ 
aluminum carbonitride so as to form an outer region. 

114. The process according to claim 105 
wherein for each of the coating sets in the outer 
region the metal nitride layer has a thickness and the 
metal aluminum nitride layer has a thickness and the 
metal aluminum carbonitride layer has a thickness, and 
the thackness of the metal aluminum nitride layer being 
different from the thickness of the metal nitride laye! 
and the thickness of the metal aluminum carbonitride 

ayer and the thickness of the metal aluminum nitride 
layer being different from the thickness of the metal 
aluminum carbonitride layer. 

115. The process according to claim 105 
further including a depositing a finishing layer on the 
outer surface of the coating. 
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116. The process according to claim 115 
wherein the finishing layer comprising one or more 
layers of one or more of the following: alumina and 
nitrides, aluminum nitrides and aluminum carbonitrides 
of one or more of titanium, niobium, hafnium, vanadium, 
tantalum, zirconium, chromium alone or in combination 
with each other or in combination with other metals. 

117. The process according to claim 115 
further including depositing a lubricious coating on 
the surface of the finishing coating. 

118. The process according to claim 105 
wherein the coated member comprising a cutting insert, 
a drill, a milling cutter, an end mill, a reamer and a 

tap. . . . . ^ ■ ■•• 

119. The process according A to claim 105 
further including supplying .nitrogen at a pre-selected 
nitrogen partial flow rate; 

120. The process according to claim 119 
wherein the nitrogen partial flow rate is below 0.5. 

121. The process according to claim 119 
wherein the nitrogen partial flow rate is below 0.4. 

122. The process according to claim 119 
wherein the nitrogen partial flow rate ranges between 
about 0.35 and about 0.2. 

123. The process according to claim 105 
wherein the first level of electrical power is less 
than the second level of electrical power. 

124. A nanolayered coated member comprising: 

a substrate having a surface and a coating on 
the surface of the substrate; and 
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the coating comprising a plurality of coating 
sets of nanolayera wherein each coating set comprising 
alternating nanolayers of titanium aluminum nitride and 
titanium aluminum carbonitride . 

125. The nanolayered coated member according 
to claim 124 wherein the coating including a bonding 
region, the bonding region being adjacent to the 
substrate surface. 

126. The nanolayered coated member according 
to claim 125 Wherein the bonding region comprising a 
plurality of the coating sets wherein the thickness of 
each coating set increases as one moves away from the 
surface of the substrate, 

127. The nanolayered coated member according 
:to. claim .125 wherein the coating including' an outer ■ 
region, the outer region being: adjacent to - the: bonding 
region. 

128. The nanolayered coated member according 
to claim 125 wherein the outer region comprising a 
plurality of the coating sets, and wherein the 
thickness of each one of the coating set being about 
equal • 
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